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(54) Forward/reverse gear change system 

(57) A vehicle powershuttle system comprising a 
conventional forward/reverse gearset with a synchro- 
mesh and an electronic control system arranged to au- 
tomatically control the vehicle main clutch, main brake 



and forward/reverse synchromesh to effect a substan- 
tially smooth engagement of forward or reverse drive to 
the vehicle driving wheels on manual selection of for- 
ward or reverse gear. 
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Description 

The present invention relates to a method and a 
system for automatically performing a forward/reverse 
gear change without requiring the manual disengage- 
ment of the vehicle main clutch. The invention has par- 
ticular application in agricultural tractors where eg fre- 
quent three point turns on field headlands and repeated 
backward and forward travel during loading work involve 
frequent forward/reverse gear changes. 

The concept of a system for effecting a direction 
change by shifting a lever or button, etc, without touch- 
ing the clutch pedal is known. The word •powershuttle" 
is often used to describe such a system. 

Known powershuttles generally employ two clutch- 
es working against each other to control the transfer of 
power between gear trains that remain continually in 
mesh. That is to say, no synchromesh is employed and 
the shift is effected using a similar procedure to that em- 
ployed in making a shift between two forward gears in 
a "power shift" transmission. Thus, one clutch is ar- 
ranged to transmit or to disable a reverse direction drive 
to the vehicle's driving wheels, whilst the other is ar- 
ranged to transmit or disable a forward direction drive 

The control of the forward and reverse clutches will 
generally be electronic, taking into account speed, en- 
gine revs, and possibly other factors to set an optimum 
rate for the respective clutches to engage and disen- 
gage. 

This type of system obviously requires a reverse di- 
rection clutch in addition to its main clutch. 

The problem with such a powershuttle is that a great 
deal of energy needs to be dissipated by the clutches 
during a gear change, and the additional reverse clutch 
therefore needs to be substantial. This makes for high 
cost and the requirement for room under the bonnet to 
house the extra clutch. 

The object of the present invention is to alleviate the 
above problems and provide a powershuttle system 
which is relatively inexpensive and requires no more 
room under the bonnet than is taken up by an equivalent 
transmission with a manual forward/reverse change. 

A further object of the invention is to provide a pow- 
ershuttle system that is readily installed in a vehicle with 
a conventional manual forward/reverse gearshift facility, 
with the minimum of adaptation; in particular, leaving the 
majority of the components in the transmission unaffect- 
ed. 

According to the invention, a powershuttle gear shift 
control system is provided for a vehicle having a main 
clutch, a main brake system and a synchromesh for- 
ward/reverse gearshift arrangement, the control system 
comprising: 

(a) means for sensing the position of the forward/ 
reverse synchromesh; 

(b) manual selector means for selecting forward or 
reverse directions of travel, and 



(c) means for automatically controlling movement 
of the forward/reverse synchromesh, application of 
the main brake system and engagement of the main 
clutch in response to movement of the manual se- 
5 lector means, to cause a substantially smooth en- 
gagement of the forward or reverse drive to the driv- 
ing wheels of the vehicle. 

Preferably, the vehicle clutch pedal has priority over 

10 the gearshift control system to disengage the main 
clutch to a greater extent than that set by the gearshift 
control system at any time. Thereby, control is retained 
by the driver at all times to override the automatic oper- 
ation of the clutch by the control system. 

is Preferably, also the vehicle main brake pedal(s) has 
priority over the gearshift control system to engage the 
main brake system to a greater degree than that set by 
the gearshift control system at any given time. Again, 
control is thereby retained by the driver at all times. 

20 Preferably, the gearshift control system has means 
for sensing temperature and altering in accordance with 
the sensed temperature a control signal to an actuator 
for effecting movement of the main clutch and/or an ac- 
tuator for effecting movement of the synchromesh. 

2S Thereby, the effects of temperature on the response 
speed of the actuator(s), which may be hydraulic, may 
be compensated for. 

Preferably, the system further includes means for 
sensing the vehicle speed and/or engine speed. These 

30 parameters may thereby be taken into account by the 
control means in setting the rate and relative timing of 
the application of the main brake system engagement 
of the main clutch and/or movement of the synchro- 
mesh. 

35 Optionally, the vehicle main clutch is a wet clutch. 
This type of clutch is better than an ordinary dry clutch 
at dissipating the large amounts of energy involved in 
making repeated direction changes. 

Further features and advantages of the invention 

40 will be apparent from the following description of one 
specific embodiment. This description is given by way 
of example only with reference to the accompanying 
drawings in which: 

45 Figure 1 is a block diagram schematically showing 
the components of a gearshift control sys- 
tem in accordance with the invention, and 
Figure 2 is a series of plots showing various param- 
eters against time during a gearshift. 

50 

The system comprises a control unit 1 , including a 
microprocessor, and having a number of inputs 2 and a 
number of outputs 3. The inputs to the system include 
an input from a potentiometer 6 indicating the position 
ss of the control lever 5 having forward (AV), reverse (AR) 
and neutral (N) positions. 

Also connected into the control unit 1 are inputs 
from a vehicle speed sensor 8, engine speed sensor 4 
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and from a potentiometer 7 arranged to detect the po- 
sition of the synchromesh 16 on the reversing gearset. 
In a modification of this embodiment, with total electron- 
ic clutch control, a potentiometer (not shown) is provided 
to sense the position of the main clutch pedal 21 , con- 
nected via a line to the control unit 1 . 

In addition, there is a sensor 9 for detecting the tem- 
perature of oil in the main clutch (which is a wet clutch). 
The sensor 9 could alternatively detect the temperature 
of the oil anywhere in the transmission. Lastly, there is 
a sensor 10 positioned adjacent the main clutch (not 
shown) which detects when it is fully disengaged. A line 
from this sensor 10 is connected to an input on the con- 
trol unit 1. This sensor 10 provides a security backup. 
The control unit 1 will not instruct movement of the syn- 
chromesh unless this sensor 10 indicates that the main 
clutch is fully disengaged. 

The control unit 1 also includes outputs 3 to control 
the various functions involved in engagement of forward 
or reverse drive. These include outputs 11, 12 leading 
to respective forward 13 and reverse 14 valves control- 
ling hydraulic supply to each side of a double acting hy- 
draulic actuator 1 5 which governs movement of the syn- 
ch romesh 16 in the reversing gearset. 

An output 1 7 leads to an electrohydraulic valve 1 8 
controlling the movement of the main clutch assembly 

20 via a hydraulic connection to a further valve 1 9. There 
is also a hydraulic connection from the main clutch pedal 

21 to the valve 19 controlling the supply of hydraulic fluid 
to the clutch assembly 20. 

In the modification of this embodiment mentioned 
above, valves 18, 19 are replaced by a single electro- 
hydraulic valve controlled via an electronic input from 
the control unit 1. Override by the clutch pedal is then 
provided via the control unit 1. 

A further output 22 leads to a series of valves 23, 
24, 25 controlling the supply of hydraulic fluid to the ve- 
hicle main brake system. Because this application is 
specifically for an agricultural tractor, there is, as is con- 
ventional in tractors, independent control of the left and 
right brakes 26, 27 via valves 24, 25 respectively, al- 
though the gearshift control system will in fact always 
operate the left and right sides simultaneously. The left 
26 and right 27 brakes are also connected to left 28 and 
right 29 brake pedals in the tractor. 

Finally, there are outputs, collectively shown as line 
30 in the figure, to two dashboard display lights 31 and 
an audible alarm 31. 

In operation, if the control lever 5 is moved, for ex- 
ample, from the forward position AV to the reverse po- 
sition AR, this will initiate an automatic routine governed 
entirely by the control unit. There are a few possible al- 
ternative control strategies or regimes, but the simplest 
regime when a forward to reverse change is selected 
whilst the vehicle is travelling forwards is as follows. 

The main clutch is first disengaged relatively sud- 
denly and, simultaneously or a fraction of a second af- 
terwards, the main brake is applied with the brake pres- 
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sure being steadily ramped up over a period of time of 
perhaps a few seconds. The rate of increase of brake 
pressure in this time may alternatively follow a curve of 
some sort. After a given period ol time, the vehicle speed 

5 is assumed to be zero, or alternatively sufficiently near 
zero for the synchromesh to be moved without a prob- 
lem, eg 1-2 km/hr. Let us call this first phase of the re- 
gime Phase I. The brake is then released and simulta- 
neously or a fraction of a second beforehand the syn- 

io chromesh is moved. The main clutch begins to be ap- 
plied simultaneously with release of brake pressure. 
The clutch pressure is gradually ramped up, or in- 
creased along a curve, to provide smooth start up in re- 
verse direction. Let us call this "phase IT of the regime. 

'5 Referring now to Figures 2a to 2d, once a gear 
change from eg forward to reverse is selected, the clutch 
is relatively suddenly disengaged as shown as point A 
on Figure 2a. As shown in Figure 2b, the brakes are then 
gradually applied and, as shown in Figure 2c, the vehicle 

20 forward speed gradually drops. At a point B, slightly be- 
fore the vehicle reaches rest, movement of the synchro- 
mesh is initiated, which is completed by point C. 

At that point the clutch pressure is gradually in- 
creased from zero as shown in Figure 2a, whilst the ve- 

25 hide forward speed is still not completely reduced to ze- 
ro. 

A change from reverse to forward direction when 
the vehicle is moving in reverse would work in substan- 
tially the same way, as would a change either from for- 
30 ward to reverse or vice versa when the vehicle is sta- 
tionary. A change into forward or reverse from neutral 
would also work in this way, whether the vehicle is sta- 
tionary or moving. 

A change into neutral requires simple, sudden dis- 
35 engagement of the clutch followed by sudden disen- 
gagement of the synchromesh. 

The regime described above requires the control 
unit 1 to receive inputs only from the potentiometer 7 
indicating the position of the synchromesh and from the 
40 control lever 5 indicating the desired direction of travel. 
A more sophisticated regime, which is used in the 
present embodiment, is based on the simple regime de- 
scribed above, but with refinements as follows. 

Instead of always ramping up the brake pressure 
45 over a set time period, the rate at which pressure is in- 
creased is determined by the control unit 1 as a function 
of vehicle speed as sensed by vehicle speed sensor 8 
when the direction is selected using control lever 5. The 
control unit 1 will also not release the brakes until the 
so sensor 8 indicates that the veh icle is stationary, or alter- 
natively the speed has reached point C in Figure 2 
(which in the simplified system would have to be as- 
sumed to have happened after a given time). Similarly 
movement of the synchromesh can be initiated on de- 
55 tectton of the forward speed reaching point B. If the sen- 
sor 8 indicates that vehicle speed is zero when the di- 
rection change is selected using lever 5, then the brake 
will not automatically be applied at all, and phase II of 
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the regime commences straight away. 

Phase II will not be commenced by the control unit 
1 until the clutch f ull disengagement sensor 1 0 indicates 
that the clutch is fully disengaged. In Phase II, the rate 
at which the clutch pressure is increased is determined s 
by the control unit 1 with regard to engine revs as sensed 
by engine speed sensor 4 and also sensed vehicle 
speed. 

A more sophisticated control regime might involve 
continuous control of the clutch and/or brake pressure io 
in a control loop linked to vehicle speed, such that the 
vehicle acceleratbn and deceleration exactly followed 
a pre-determined ideal curve, the characteristic ot the 
curve also in itself being a function of vehicle speed and 
possibly direction at the moment the gearshift is select- * 5 
ed.. 

The signal from the temperature sensor 9 is taken 
into account by the control unit 1 when setting the output 
signal commanding the clutch or synchromesh move- 
ment, since the hydraulic oil temperature will affect the 20 
response rate of the respective actuators. 

The indicator lights 31 serve to indicate on the ve- 
hicle dashboard when a forward/reverse shift has been 
made and the fact that the vehicle is initiating this auto- 
matically. One light is provided for forward and one for 25 
reverse. An audible alarm also sounds when the control 
lever is moved to select a direction change; this alarm 
will cease to sound once the direction change is com- 
pleted and the involvement of the automatic control has 
ceased. There may also be a different alarm tone if for 30 
some reason an automatic forward/reverse shift that 
has been selected has failed. 
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at any time. 

3. A system as claimed in Claim 1 or Claim 2, wherein 
the vehicle main brake pedal(s) has priority over the 
automatic control means to engage the main brake 
system to a greater degree than that set by the au- 
tomatic control means at any given time. 

4. A system as claimed in any of the preceding claims 
having means for sensing temperature and altering 
in accordance with the sensed temperature a con- 
trol signal to an actuator for effecting movement of 
the main clutch and/or an actuator for effecting 
movement of the synchromesh. 

5. A system as claimed in any of the preceding claims 
further including means for sensing the vehicle 
speed and/or engine speed. 

6. A vehicle including a system as claimed in any pre- 
ceding claim. 

7. A vehicle as claimed in Claim 6, wherein the main 
clutch is a wet clutch. 

8. A powershuttle gearshift control system substan- 
tially as herein specifically described with reference 
to Figures 1 and 2. 

9. A vehicle having a gearshift control system accord- 
ing to Claim 8. 



Claims 35 

1 . A powershuttle gearshift control system for a vehi- 
cle having a main clutch, a main brake system and 
a synchromesh forward/reverse gearshift arrange- 
ment, the control system comprising: 40 

(a) means for sensing the position of the for- 
ward/reverse synchromesh; 

(b) manual selector means for selecting for- 
ward or reverse direction of travel, and 45 

(c) means for automatically controlling move- 
ment of the forward/reverse synchromesh, ap- 
plication of the main brake system and engage- 
ment of the main clutch in response to move- 
ment of the manual selector means, to cause a so 
substantially smooth engagement of the for- 
ward or reverse drive to the driving wheels of 
the vehicle. 

2. A system as claimed in Claim 1 . wherein the clutch ss 
pedal has priority over the said automatic control 
means to disengage the main clutch to a greater 
extent than that set by the automatic control means 
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